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P NUMERICAL WDELLI NC OF THE CMSI CAL NOVA OWT’BURST

G. Siegfried Kutter*
NAS&Coddard Space Flight Center

●nd

Warren M. Sprks
~s Alanms National ~-bordtor}’

Abstract: We describe ● mechanism that promises to ●xplain how nova ou
~c= white dwarfs of 1 M@ or less and for ●ccretion rates of 4 x 10

EMr;tsyp:’or ‘
e

greater.

Observations suggest th&t the average mass of white dwarfs in classical nova systems

~b 0.S M~ and that the typical mass transfer rate in such systems is 10-9 - 10-8 M.
-J.

.
yr (Patterson 1984). However, ~el calculations that take the ●ccretion process

into ●ccount have been unsuccessful in reproducing the classical nova outburmt for

these parameters. The reacon is insufficient confinement of the nuclear runaway zone

and, hence, insufficient release of energy (Sparks and Kutter 1987). To overcome this

problem, white dwarf masses ~ual to or greater than 1.25 MO, low accretion rates, or

hibernation scenarios have bean invoked (Kutter ●nd Sparks 1960, Livio ●nd Shara 1907,

Prialnik and Kovctz 1984, Starrfleld et ●l. 1985).

tiedescribe here a

tioml data listed

white dwarf

mechanism that promises to produce nova outbursts for the observa-

alxive, thou~h to date we Ilaveexplored it only for these parameters:

1 Ma,
12

consistlnq of Canal 160, ;3-3L-;
w

-lo -1
●ccretlng matter 4.23X1O

12; ●nd 16
% ‘“r

, solar mix w:th O each ●nhanced

to 10% by mass, ●rriving on white dwarf with Ke,plerlan angular

momentum.

I’hecomputational method !s described in Kutter ●nd Spar<s (1967) and Sparks and Kutter

(1987).

Phe shear cr?eted on the white dwarf’s surface by the ro:atlonal velocities of the

~ccret~ng H-rich matter produces #n acc:etlon belt of mixed stellar and accretecl mat-

:erm Aftei 7,080 years, the surfac~ of t~iek~elt rotates as ~aildl)’●s the ncwly ar-

“IvInq matter and s)~earmlxlng ceases. Accretioil contir.~e~ to age 25C),40dyears, w:irrl

~uclear burnirlg exceeds 10(’eIq/(q”sec) at a fract~onal nas, from the stal”’u surfa,(

2.57C x 1{)
-4

If Q - and tt)r nuclray !-u!lawa)’ qct~ uIldcr Ms’:’. L;} to ttlls }Wlllt th(’
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-.”. . ~.W.UL.WII &=_-A=s ue reels aescrlbexl an Sparks and Kutter (1987); and, if
.9

the evolution calculations are continued, 7.6 years later the nuclear runaway peaks.
15

with i =2.26x1O erg/(a.see) .
nuc

No nova results.

According to our experiences, a nova outburst will occur on a 1 N
G
white dwarf and for

accretion parameters shown above only if the nuclear reactions run ●way at greater

depth than in the above ~.alculations andlor if the white dwarf’s ●nvelope rids itself

of some of its angular smmentum during the ●arly phase of the runaway. The greater

depth increases the gravitational confinement of the burning region: ●nd the loss of

●ngular momentum increases the mechanical confinement, due to reduction of the centri-

fugal forces.

Is there a mechanism capable of nmving, during the early phase of the nuclear runaway,

the nuclear runaway zone to greater depth and of ridding the ●nvelope of angular nmmen-

t~? We suggest that it is the convective instability, which in the c~urse of t~,c run-

away grows until it reaches the star’~ surface. convection mixes ~tter in the enve-

lope’s outer rapidly rotating layers wit-h matter in the inner less rapidly rotating

layers and thereby transwrts angular momentum to the nuclear rur.away zone. The resul-

tlng shear between that zone and the adjacent layer iaterior to 1: creates a Kelvin-

Helm!!oltz instability, which in turn leads to mixing of matter. ‘Je think that th~s

mlxlng moves bth the zone o Y peak nuclear burning and angular nmnentum inward. it

also mixes H-rich matter with layers rich in carbon and oxyger.

To test whether the Kelvin-Helmholtz instability, induced by cor,’.’ection, is c~pable of

producing nova outbursts, we ran our model through a nuclear runa,,ay,art~flclaily

mvlng the zone of peak nuclear burning Lnward to Q = 3.072 x 12-” arid rmovlng 10% of

the envelope’s angular momentum. Furthermore, 1:. 26
we enhanced the . and 0 ccntcnt of

the accreting matter (see atxive) to simulate the mlxlng of H-rlcri and orlglnal white

dwarf matter. The nuclear reaction rates r~se to 2,52 x 10
17

erq,’(g.see) anti the er-

tlre envelope above the runaway
-1

zone is elected w’lth sl)eeds of 19: to 1,600 km sec .

The mechanism seems to work because rotational klnetlc energy of :he accxetlnq matter

is not immediately released, but only when lt 1s ncuded to increase the burrllnq ~e-

glor,’ s c-onflnemcnt during the early phase of the nuclear runawaq,”.Dc:alls of L);(,

results WI1l be ~lre~cnted in an AII.J. ~apcr now In ])rc’I)aIatl@r;.
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